Ultraviolet light at 254 nm induces various kinds of DNA damage.
INTRODUCTION
Ultraviolet-light (UV) induces various kinds of DNA damage which are subject to repair by proficient cells. In the absence of an error-free complete repair, DNA lesions at specific genomic sites can lead to mutations and activation of some proto-oncogenes which are implicated in the initiation of tumorigenesis. This is probably the case for the hereditary disease, xeroderma pigmentosum, which exhibits a defect in the excision repair of UV-induced lesions, leading to a high incidence of skin tumors (1,2).
Pyrimidine dimers (PyPy) and pyrimidine (6-4) pyrimidone photoproducts (Py(6-4)Py) are the main UV (254 nm) induced DNA lesions, the former being the more frequent. Brash and Haseltine (3) , Wood (4) working on lambda phage, promote Py(6-4)Py as the mutagenic lesion, whereas for Kunz and Glickman (5) who studied the F factor gene, PyPy is the mutagenic lesion. On the other hand, Brash et al. (6) formation-) as already described (9,10). The probability of formation of the different DNA lesions is therefore a function of the DNA sequence. Consequently, it is necessary to span a large DNA fragment to get all possible adjacent nucleotide distribution for a given type of lesion.
We report the location, the quantification, the dose dependence and the influence of the adjacent sequences on PyPy and Py(6-4)Py formation on a fragment spanning 342 nucleotides of the SV40 large T antigen gene around the tsA58 mutation.
Unlike PyPy, the Py(6-4)Py formation frequencies appear to be independent of the adjacent nucleotides but may depend upon the nucleotide environment or the local structure of the DNA. This paper describes some characteristics of a new alkali-sensitive site produced by UV on the ACA sequence.
MATERIALS AND METHODS

Virus and viral DNA
The temperature-sensitive mutant of the early transcription unit of SV40, tsA58 (11), was used. It was propagated on the CV1P line of African green monkey kidney cells at the permissive temperature of 33°C. After two weeks, the viruses were extracted by three freeze-thaw cycles and purified on isopycnic CsCl gradient (viral density = 1.38). After dialysis against 10 IDM Trls pH 7.8, lmM EDTA (TE) , the supercoiled viral DNA was prepared from the purified virus by three phenol-chloroform extractions followed by ethanol precipitation. Since the fragments were labelled at each 5' or 3' ends, except for the Hinc II end (when labelling was made in 3'), further digestion with Mbol or Pvu II for the I fragment, Rsa I for the H fragment, Hind III for the F fragment, followed by elec trophoresis on a 6 % polyacrylamide gel, gave rise to purified fragments labelled at only one 5' or 3' end. UV-irradiation Detection and quantification of UV-lnduced lesions A) Pyrimldine dimers. DNA was incubated for 20 min at 37°C with an excess of the T4 endonuclease V in a buffer containing: 100 mH NaCl, 10 raM EDTA, 10 mM Tris-HCl pH 8. The T4 endonuclease V, purified as already described (13), was a generous gift of Dr. P.C.
Seawell and Dr. E. Vos (Stanford University, USA). B) Py(6-4)Py. DNA was incubated in 1 H piperidine for 30 rain at 90° C as described by Lippke et al. (14) . (12) were loaded on the same gel. After autoradiography, the radioactivity in the observed bands was computed by scanning the gel autoradiographs by optical densitometry using a microdensitometer (Joyce, model HK III C), the peak area on the scan being proportional to the amount of DNA in each band, as we ensured after previous calibration. The frequency of incision for the lesion is computed as described by
Gordon and Haseltine (9).
Photoreactivating enzyme treatment
The restriction fragments of SV40 DNA have been purified as 2 described above.
After UV irradiation at 2 kj/m , the DNA was 2 pyrimidine diners reached a plateau between 2 and 10 kJ/m , the total number of Py(6-4)Py photoproducts increased from 0 to 2 2 50 kJ/m . At 2 kJ/m UV, the dose at which most of the SV40 mutation spectra have been carried out (7), the average number of PyPy lesions was about five times greater than the average number of Py(6-4)Py as already described (10, 14) ( Fig. 1) . Results appeared different, however, if one looked at specific pyrimidine-pyrlmidine sequences. With the SV40 DNA, as for other DNA (8,9), we found that the order of preference to produce PyPy lesions was as follows: TT > TC > CT > CC. For the Py(6-4)Py, the T(6-4)C lesions were formed more frequently than the others (Fig. 2) . The high UV dose, we used, allows us to detect the TC 50 Figure 2 .
Percentage of incision at Py(6-4)Py by hot alkali treatment of a part of SV40 DNA submitted to increasing doses of UV irradiation at 254 nm. Twelve TC, thirty TT, seventeen CT and six CC different sites were computed for each point of the curves respectively. Dotted line shows the average of incision at each dose calculated from sixty five pyrimidine-pyriraidine sites and is identical to the one reported in Fig. 1 . (b) Enlargement of a part of the gel shown in (a) to exhibit the position of the ACA lesion (number 3579) as compared to the purine (Pu) and Pyrimidine (Py) sequence ladders. The lanes F and K are identical to those in (a) and the arrows show the bands corresponding to the ACA lesion incised with the hot alkali treatment, (c) The arrow indicates the barui at ACA lesion (number 3506) induced by UV light (2 kJ/ra ) and produced with the hot alkali treatment of the 5' end labelled DNA. The Pu and Py lanes represent the sequence ladders.
C(6-4)T lesion, which was not previously described by Lippke et al • (14) . We found a dose effect for the four species of p Py(6-4)Py, but at 50 kj/m most of the DNA was cut by piperidine IM at 90° C (Fig. 3a, lane 0) . This indicated that the majority of the potential lesion sites were actually damaged and we found at this dose numerous sites sensitive to IM piperidine at 90° C (see the following paragraphs) which were not located at pyriraidine-pyrimidine sequences.
b) Effect of adjacent nucleotides.
A 342 bp region containing the tsA58 mutation of SV40 has been used to determine the effect of adjacent nucleotides on the frequency of formation of UV-induced lesions. This sequence is depicted in Fig. 4 . A great variation in the frequency of Py(6-4)Py formation for a given pyrimidine-pyrimidine sequence was observed (Table 1) . For example, for the T(6-4)C lesion produced at 10 kj/m , the lowest efficiency of incision was 3.3 * (site n° 3716) and the highest efficiency was 16.2 % (site n° 3794). Since the frequency of C(6-4)T formation is very low, the significance of the absolute values is difficult to ascertain, but the differences between reactive and non reactive sites are obvious (table 4) Table 5. pyrimidine-pyrimidine sequence, were detected in the lane corresponding to the treatment with 1 H piperidine (Fig.  3a, lane 0). Most of these lesions were not abasic sites, because they were insensitive to the T4 enzyme, but they could result At all UV doses, the 1 H piperidine treatment gave rise to a strand incision at ACA sequences. This band was already detected at 2 kJ/ra , but its intensity increased with higher UV doses (Fig. 3a , Table 5 ). Eleven of the twelve ACA sites, we observed, were detected with the piperidine treatment and the frequency of breakage was different for each site (Table 5) . At the dose used for the SV40 mutation experiments (2 kJ/m ), the percentages of incision at these sites were not negligible (Table 5 ). Fig. 3b shows the incision at one ACA site (arrow) on UV-irradiated DNA labelled at the 3' end.
The migration of treated DNA on sequencing gels indicated that the incision occurred at the level of the 3'A of the ACA site (Fig. 3b) . When the same experiment was carried out with 5'labelled DNA, the incision site was found to occur at the 5'A of the ACA site when compared to the Haxara and Gilbert sequencing ladders (Fig. 3c) .
The incision values were about five fold higher when measured on UV-irradiated DNA labelled at its 3 1 extremity compared to DNA labelled at the 5' extremity (Table 5 and compared Fig. 3b and Fig.  3c ). We don't have any clear explanation for this di fference.
The nature of this lesion, insensitive to the T4 endonuclease is still unknown. Therefore, we used the photoreactivating enzyme to characterize further the ACA lesion. As previously described, the E. coli enzyme was able to monomerize pyriraidine dimers but unable to monomerize Py(6-4)Py (21). The ACA lesion did not appear to be photoreactivable by the E. coli enzyme (Fig. 5) .
DISCUSSION
This paper reports the location, quantification and dose effect of UV induced lesions spanning 342 nucleotides of the tsA58 SV4O DNA. The pyrimidine-pyrimidine sequences (T-T, T-C, C-C and C-T) show different reactivities towards UV-light. As previously reported for pyrimidine dimers, the level of UVinduced lesions can be influenced by the adjacent nucleotides (9, 10, 14) .
The four classes of Py(6-4)Py are produced with different frequencies.
The TC dinucleotide being the most reactive while the CT dinucleotide is the less reactive, but nevertheless the frequency of the C(6-4)T lesions is not negligible. If we consider a specific lesion (for example the T(6-4)C), its frequency of formation is very heterogeneous. Among the possible sites, the frequency of formation of a C(6-4)T at a given position can be more important that the T(6-4)C. This lack of rule makes necessary the location and quantification of UV-induced lesions directly on the target gene for the correlation studies with respective rautagenesis spectra. These measurements should be made or extrapolated at the UV dose used for mutation analysis.
Indeed, the ratio PyPy versus Py(6-4)Py can vary considerably depending upon the delivered dose ( Fig. 1) (14) . The local structure of the DNA and/or the electronic group transfer along the DNA chain could explain the heterogeneity in the frequency of lesion formation.
Some lesions, detected with piperidine 1 M at 90" C, appear in sites which are unable to form Py(6-4)Py or pyrimidine dimers . Some of these sites sensitive to the T4 endonuclease seem to be abasic sites, but we found a new lesion located at ACA sequences, which was not previously described (14, 18) . In the 342 nucleotides we studied, there are twelve ACA triplets.
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